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571 _"'-A'BSTRACT_ -

This invention relates to formation of strip or other
small sections by casting of metal and passing it through

a sizing die. More particularly, the invention relates to

- production of metal strip by casting, by extruding the

strip through a dle and by rollmg the extruded strlp to
a thinner gauge. | | |

5 Claims, 4 Dfawing Sheets
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1
APPARATUS FOR EXTRUSION CASTING

This application is a continuation of application Ser.

No. 829,797 for Method and Apparatus for Extrusion
Casting, filed Feb. 14, 1986, now U.S. Pat No.
4,718,476.

- This invention relates to formation of strip or other
small sections by casting of metal and passing it through
a sizing die. More particularly, the invention relates to

production of metal strip by casting, by extruding the

strip through a die and by rolling the extruded strip to

a thinner gauge.
The use of continuous casting machmes, mostly for
billets and slabs of over 75 millimeters thickness, has

been well known for many years. Vertical strand,
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>

10

- 2 | |

Preferably, I release gas introduced into the vessel
containing molten metal and recycle the gas. I prefer to
extract heat from said gas, preferably by generanng
steam in a heat exchanger.

After the metal passes from the snzmg die, I pass the
metal strip through a rolling mill in which the strip is:
reduced in gauge by rolling. I prefer to provide a slack
accumulating loop between the die, and the rolling mill.

Preferably, 1 provide pinch rolls which engage the strip

on each side of the slack accumulating loop. I prefer to
reheat the strip just prior to entry of the strip into the

- rolling mill, and preferably employ electric induction

15

curved strand, and horizontal strand machines have all -

been used. Known equipment for casting steel slabs and

billets has not been suitable for thin strip or small sec-
tions which present different problems and require dlf-
ferent operating procedures.

20

It is now proposed to cast thin strip and the like hav-
ing a thickness of less than 75 millimeters as produced

by known equipment and yet more than about one milli-
meter thickness which is produced by some ultra thin
casting units. I may also cast small sections other than
- thin strip using the same process and, for convenience,
refer herein to such product, regardless of cross sec-
tions, as “strip”. Preferably I cast a strip having thick-
ness of about 5 millimeters. With a strip of that thickness
there will be sufficient mechanical deformations by hot
-and by subsequent cold rolling to produce a material
having excellent grain structure. |

I heat metal to a liquid state and place the metal in a
vessel having an outlet for the metal through a sozing
die. I apply a pressure to the molten metal in the vessel
sufficient to cause the metal to be extruded through the

die. Intermittently, I lower the pressure in the vessel to

25

heating for that purpose. I prefer to coil the strip after
rolling and to pr0v1de coiler means and shear means
positioned to receive strip from the rolling mill. I also
prefer to provide strip cooling means between the roll-- L
ing mill and the shear means. |

I prefer to provide a central controller whlch moni- .
tors the gas pressures at points in the system, the length -
of strip which issues from the sizing die and the amount
of strip in the slack accumulating loop. I further prefer
to use the central controller to regulate opening and

- closing of the valves associated with the pressure vessel,

the operation of the induction stirring apparatus for the
molten metal, driving of the pinch rolls associated with

~ the slack accumulating rolls, regulating the strip induc-

tion heating means, and controlling operation of the

- rolling mill and coiler whereby a continuous production

30

of strip from molten metal is maintained. |
Other details, objects and advantages of my invention
will become more apparent as the following description

~ of a present preferred embodiment thereof proceeds. -

35

a value which is below that required to cause metal

movement through the mold and the die but which will
continue to maintain pressure on metal in the mold.

Thereafter, I increase the pressure to further extrude

metal from the die. I apply pressure to the molten metal
in the vessel by admitting gas under pressure to the
vessel through an inlet valve and then closing the gas

45

inlet valve, thereby allowing heat from the metal to heat

the gas and increase the pressure thereof. I preferably

In the accompanying drawings, 1 have illustrated a
present preferred embodiment of my invention in which
FIG. 1 is a schematic view of apparatus embodymg |
and used to carry out my invention. |
- FIG. 2A is a simplified side view of the pressure

‘vessel, mold, extrusion die, related pinch rolls, and part
of the strip accumulating loop; :
FIG. 2B is a continuation of FIG. 2A showing in
simplified form part of the strip accumulatmg loop, the
rolling mill and a downcoiler; and

-~ FIG. 3 is a simplified top plan view of pressure vessel

connecting duct, mold, and sizing die. -
‘The apparatus includes a liguid metal pressure vessel

1, a mold and extrusion die assembly 2, a strip takeup

loop 3, and a rolling mill 4. A duct § leads from the

pass molten metal from the vessel to the sizing die

through a mold whose walls are chilled. I prefer to

apply a pulsating pressure to the metal in the vessel
whereby a pulsating movement of metal through the
mold and die is produced. I further prefer to provide

30

electromagnetic stirring of molten metal prior to the

time it enters the mold and commences to freeze and
solidify within the mold. | B

In conventional casters, pressure applied to the mold
is due solely to the static head of the material. I prefer
to provide a significant positive pressure within the

vessel. The gas which supplies the pressure is prevented

from escaping from the vessel by the gas valves. The

flow of metal from the vessel is resisted by the sizing die

and by friction between the mold and the metal. I prefer
to increase the length of the mold and concurrently to
increase the operating pressure in the vessel to the maxi-
mum practicable extent. Increasing the length of the
mold increases the rate of production because a longer

33

lower portion of pressure vessel 1 to a mold having
walls 6 and 7 which are spaced apart approximately 35

millimeters. Walls 6 and 7 form an upwardly leading

path from duct S to a sizing die 8. Spray nozzles 9 are
positioned to spray water on the outside of mold walls
6 and 7. Liquid metal 10 is maintained in pressure vessel
1 at a level 11 or close thereto. It will be noted that level
11 is slightly below the opening of sizing die 8. Induc-
tion coils 12 are positioned above and below duct 5.
When they are energized, the induction coils serve to
stir and agitate metal which is w1th1n duct 5 between the
colils. |

‘Metal strip 13 which issues from sizing die 8 passes.
between pinch rolls 14 which are intermittently driven
by a motor. The amount of rotation of rolls 14 is syn-

~ chronized with the movement of strip from sizing die 8

65

strand within the mold can be solidified for each stroke -

of material.

so that the strip will not sag or be subjected to excess
tensile forces between the sizing die and rolls 14. A

‘tachometer generator 15 measures the extent of rotation

of the rolls and delivers a proportional electrical signal.

- The strip passes through a further pair of pinch rolls 16
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which are normally driven continuously by a motor. A
tachometer generator 17 measures the extent of rotation
of the rolls and delivers a proportional electrical signal
which controls continuous operation of the rolling mill.
Normally, there is slack in the strip between pinch rolls
14 and 16 with the result that the strip between them
hangs in a loop 13a4. The tension free loop and slack
accumulator permits intermittent extrusion of strip from
sizing die 8 and continuous operation of rolling mill 4.
Induction heating coils 18 are positioned around the
strip passline between pinch rolls 16 and rolling miil 4.
Heatlng coils 18 reheat the strip and equalize its temper-
ature in order to provide good rolling conditions. The
passline goes between working rolls 19 to a down coiler
20. Spray nozzles 21 are provided to spray cooling
water on strip issuing from the mill.

Liquid metal is supplied from a reservoir 22 or other
source through a conduit 23 to a ceramic high tempera-
ture check valve 24. Check valve 24 is opened and
closed by an electric coil 25. When valve 24 is opened,
metal can flow from reservoir 22 to inlet tube 26 which
leads through gas space 27 of pressure vessel 1 to the
liquid level in the bottom. Metal may be discharged
from the bottom of pressure vessel 1 at 28 by operating
valve and wheel 29.

A liquid level indicator 30 is positioned along one
side of pressure vessel 1. It determines the level of mol-
ten metal within the pressure vessel magnetically.

An inert gas such as argon is stored in a reservoir 31.
A pipe 32 leads from reservoir 31 to a solenoid-operated
remote control valve 33. Valve 33 also connects to a
 pipe 34 which leads to a hand-operated valve 35. A pipe

36 leads from valve 35 to a gas compressor 37. Com-
pressor 37 is driven by an electric motor 38. A pipe 39
leads from the outlet of compressor 37 to a gas receiver
40. A pipe 41 leads from receiver 40 to a hand-operated
valve 42. Pipe 43 leads from valve 42 to a high tempera-
ture solenoid-operated remote control valve 44. A pres-
sure transducer 45 measures the pressure in pipe 43.
Pipe 46 leads from valve 44 into pressure vessel 1.
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An outlet pipe 47 is provided from pressure vessel 1.

A transducer 48 measures the pressure in pipe 47 and
also in pressure vessel 1. Pipe 47 leads to a high temper-
ature solenoid-operated remote control valve 49 which
is controlled by a coil 50. A pipe 51 leads from valve 49
to a heat exchanger 52 and to a pipe 53 which connects
to pipe 34 at junction 54. A water inlet 55 and steam
outlet 56 are provided in heat exchanger 52. A pressure
transducer 81 measures the pressure at junction 54 and
controls operation of valve 33 to replenish the system
with gas from reservoir 31 when needed.

Valves 33, 49, 24, and 44 are all connected electri-
cally to a programmable controller §8. The connections

are indicated on the drawing by dotted lines. Other

units connected to the controller are pressure transduc-
ers 45, 48 and 81, liquid level indicator 30, induction
coils 12, tachometer generators 15 and 17, the drnive
motors for pinch rolls 14 and 16 and for rolling mill 4,
and motor 38. The purpose of the controller is to oper-
ate the apparatus in the proper amount and in proper
sequence as is explained hereinbelow.

Those parts of the apparatus which handle the molten
metal and the metal strip are shown in more detail in
FIGS. 2A, 2B and 3. Pressure vessel 1 has a refractory
lining 82 to withstand the heat of the molten metal.
Valve 24 is made of ceramic or other high-temperature
heat resistant material having a stopper 89 which en-

gages a valve seat 60 and is mounted on stem 61 for

45

4

travel up and down. When coil 25 is energized to move
rod 61 down, stopper 59 moves away from valve seat 60
to allow liquid metal to flow into tube 26. A flange
connects valve to a corresponding flange on pipe 23.

In the same manner, valve 44 has a ceramic stopper
63 mounted on a stem 64 for movement between open
and closed positions. A flange 65 connects to a mating
flange on pipe 43. Likewise, valve 49 has a ceramic
stopper 66 mounted on a stem 67 for movement be-
tween open and closed positions. A flange 68 connects
to a mating flange on pipe 31.

Metal outlet 28 is shown in greater detail in F1G. 2A.
A ceramic block 69 is moved by operation of hand-
wheel 29 to open or close the bottom outlet from pres-
sure vessel 1. Outlet 28 is used to empty molten metal
from the pressure vessel when the casting process 1s
interrupted.

In FIG. 1, mold 2 is shown schematlcally cooled by
water sprays. FIG. 2A shows an alternate arrangement
in which mold walls 6 and 7 are backed up by water
passages instead of water sprays.

Pressure vessel 1 1s mounted on a frame 85 which is
supported by wheels 3 which roll on tracks 86 mounted
on the foundation. Mold 2 and sizing die 8 are mounted
on a frame 87 which is supported by wheels 84 which
roll on tracks 88 mounted on the foundation. By discon-
necting flanges 23, 65, and 68, the entire assembly of
pressure vessel, mold and sizing die can be moved to
one side of the line for relining and other maintenance,
and a second unit can be moved into position to permit
production to be resumed without further delay.

A retractable table 70 is positioned below pinch rolls

on a pivotal mounting. It may be rotated on its pivotal

mounting to position 70a (shown in chain line) to guide
the leading end of strip from rolls 14 to rolls 16. After
the leading end of the strip is engaged by rolls 16, table

70 is returned to inactive position as shown in FIG. 2a.

- A rotary shear 71 of conventional design 1s provided
to shear the moving strip after it passes the cooling
spray nozzles 21. In continuous operation the strip will
be guided to a second down coiler 20a after shearing.

In operation, pressure vessel 1 is filled to a proper
level 11 with molten metal by energizing coil 25 and
opening valve 24. When metal rises to level 11, level
indicator 30 senses that the proper level has been
reached and sends a signal to controller 58 which ener-
gizes valve 24 to close. The controller then energizes

~ coil 57 to open valve 44. Argon gas under pressure in

50
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gas receiver 40 flows through pipes 41, 43, and 46 mto
pressure vessel 1. Transducer 48 measures the pressure
of the incoming gas and sends an electrical signal to the
controller. When the pressure in pressure vessel 1
reaches a desired level, controller 58 activates coil 57 to
close valve 44. The gas which has been introduced nto
pressure vessel 1 will be heated by the molten metal
causing a pressure rise within the vessel to a multiple of
the original pressure. The pressure forces molten metal
through duct 5 and into mold 6 and outwardly through
sizing die 8. Before increase of pressure, molten metal
being stationary in mold 2 is chilled by the water sprays
on the outside of mold 2 and will solidify to form a strip.
The increase in pressure pushes the solidified strip out
through sizing die 8 and between pinch roils 14. Ta-
chometer generator 15 delivers a signal to controller 58
indicating the amount of strip which has been extruded
through sizing die 8. When the length of strip is a little
less than the length of mold 2, controller 15 energizes
coil 50 to open valve 49 and allow gas to escape from
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pressure vessel 1. The pressure of gas in pressure vessel

1 is indicated by transducer 48 which sends a corre-

sponding signal to controller 58. When the pressure is
below that required to move metal through mold 2 and
sizing die 8, controller 58 will cause valve 49 to close.
The new charge of molten metal in mold 2 1s held just

long enough for the metal to freeze under residual pres-

sure, and then the cycle is repeated. Normally, freezing
will take place within a few seconds. The lower level of

hquld metal in pressure vessel 1 is shown by line 72, and

4,774,997
at intervals, and strip is rolled and coiled -’_centinueusly' '

- there. As a-whole, therefore, the process is a continuous

5

10

the rise and fall of liquid metal is the distance 73 be-

tween lines 11 and 72. After the level of expired metal

falls a distance 73, new metal 1s mtroduced into thls- |

pressure vessel through valve 24.
Strip 13 falls in a loop 13a between pinch rolls 14 and
16. Strip is extracted from sizing die 8 and added to loop

15

13a intermittently. Strip is pulled from loop 132 be-
tween rolls 16 and between heating coils 18 by rolling -

mill 4 continuously. Accordingly, the size of loop 13a
regularly increases and decreases. The speed of the mill
is controlled by controller 58 which operates the mill at

20

6

one in which some parts are intermittent and repetitive.

While I have illustrated and described a present pre-
ferred embodiment of my invention, it is to be under-
stood that I do not limit myself thereto and that my

‘invention may be otherwise variously practiced within

the scope of the fellewmg clalms
I claim: -
- 1. Apparatus for continuous metal stnp produetlon |
comprising a pressure vessel adapted to hold liquid
metal, liquid metal supply means connected therewith

- through a first valve, pressurized gas means connected

with said pressure vessel through a second valve, pres-

surized gas venting means connected with said pressure

vessel through a third valve, gas pressure measuring
means connected with said pressure vessel, elongated.
upwardly inclined mold means in flow connection with

the bottom of the pressure vessel, cooling fluid supply .

means positioned adjacent said mold so as to solidfy said

- liquid metal therein rapidly along its length, measuring

a speed to keep a loop 13a of destred size between pinch

rolls 14 and 16. The strip is reheated and temperature

equalized by heaters 18 in a controlled amount. The

- amount of heat which is added is proportioned to the
speed of travel of the strip so that the strip will enter
mill 4 at a substantially constant temperature. |

After rolling, the strip is cooled by water sprays and -

is coiled on a downcoiler in a conventional manner.
Induction coils 12 act to stir molten metal in duct §

25

30

and to prevent segregation or stratification. Thus, the -

metal which is delivered to mold 6 is homogeneous.
The continued maintenance of pressure in pressure ves-
sel 1 causes the molten metal to be solidified under
pressure, thereby promoting dense metallic structure in

the strip. The cyclical heat exchange from the hot metal

to the gas in pressure vessel 1 increases the speed of
solidification of the metal and thereby increases the rate
of production. |

 Hot gas from pressure vessel 1 which is vented from
valve 49 passes through pipe 51 to heat exchanger 52.

Water introduced through pipe 55 is converted to steam
which is delivered from heat exchanger through pipe
56. The steam may be used for process elsewhere in the
plant, for power generation, or driving a turbine and the

compressor of this system. Cool gas from heat ex-

changer 52 is delivered through pipe 53 to junction 54

where it will pass to reservoir 31 or to compressor 37
through pipes 34 and 36. Motor 38 is driven to compress
gas and to maintain gas receiver 40 at a desired pressure
as shown by pressure transducer 45.

It wili be apparent from the foregoing that the pro-
cess is one in which liquid metal is repetitively added at
intervals, the metal is repetitively cooled and extruded

335

means at the exit of said mold adapted to measure the

- lengths of metal strips exiting therefrom, and controller

means connected with said gas pressure measuring
means, said strip length ‘measuring means, and said -
valves, so as to admit metal and pressurizing gas to said

pressure vessel to a pressure sufficient to cause molten
- metal to enter said mold to solidify therein and exit as

solid strip, to relieve pressure when a solid strip of
desired length has been extruded, and to repeat that

cycle.

2. Apparatus of clalm 1 1nc1ud1ng means connected to
said controller means for determining the level of mol-
ten metal in said pressure vessel, whereby said control-
ler closes said first valve at a pre-determmed metal
level. | | -
3. Appa_ratus_ of claim 1 in which said controller is

~ adjusted to admit molten metal and pressurized gas to

45

50

53

sald pressure vessel and to open said venting means

when the pressure in said pressure vessel reaches a
pre-determined value. | :

R ) Apparatus of claim 1 mcludmg a rollmg mill posi- '
tioned to receive hot metal strip from said mold and
~controlled by said controller means, those controller

means being adapted to control said mill speed so that

- strip entering said rolling uull from sald mold is not

tensioned thereby. |
- 3. Apparatus of claim 4 1nclud1ng aceumulatmg
means between said mold and said rolling mill, and in
which said controller means is adjusted to maintain
slack hot strip in said accumulating means, whereby |

- strip exiting intermittently from said mold is dellvered |

centmuously to said mill. |
* k& ok Kk
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,774,997

DATED . October 4, 1988
INVENTOR(&X : Werner W. Eibe

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1 Line 35 "sozing" should read --sizing--.

Column 6 Line 2 "there" should read --theretrom--.

Signed and Sealed this

Twenty-seventh Day of June, 1989

Artest.

DONALD J. QUIGG

Attesting Officer Commissioner of Patents and Trademarks
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